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ByDonaldP.HearthandGeraldC.Gorton

SUMMARY

An investigationwasmadeintheLewis8-by 6-footsupersonic
windtunnelonan inletemployingconicalflowseparationfroma probe
efiendingupstreamfrcs.ua hemispherical-nosedcenterbody.Datawere
obtainedat free-streamMachnumbersfrom1.6to 2.0andqles of
attackfrma0°to 9°.

b Pressure-recoveryanddragcharacteristicsfortheinletwerevery
nearlycomparablewiththosefora conical-spikeinletat zeroangleof

●
attackanddesi~Machnumberof2.0,butcanparedlessfavorablyat
Machnumbersbelow2.0.

A largereducticminpressurerecoveryandmassflowwasob%aimd
at angleofattack.However,an investigationon“theuseofProbes
offsetfromtheinletcenterlineindicatedthatthesingle-of-attack “...
performancecouldbe appreciablyhnprovediftheprobewerealinedwith
thestreamdirectim.

INTNDUCTION ~:.
“%

W’hena probeorrodisextendedsufficientlyforward ofa blunt-
nosedbodyina supersmicstream,flowseparationoccursfrcmthe
probe(references1 to 8). Thisphenomenonoccursbecauseofthe
inabilityoftheboundarylayerontheprobetowithstandthelarge
static-pressureriseassociatedwiththedetachedshockcausedby the
bluntbmiy. Varioustivestigations(references1 to 5)have%een
conductedapplyingthisformofflowseparatimas a meemsofreducing
thedragofblunt-nosedbodiesat supersmicspeeds.Applicationof ,
thisseparationphenomenonto supersonicinletshasbeeninitiated
(reference6)by utilizingtheseparated-flow-regionboundaryas the

# compressionsurfaceinplaceoftheusualsolidcone.Becauseofthe
sphericalshapeofthebluntbody>suchan inletwouldbemore

●
desirableasa housingfora radarhomingsystemthana conical-
spikeinlet. ..
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h ordertoevaluatethistypeof inlet,an investigatedwascon- *
ductedintheNACALewis8-by 6-footsupersonicwindtunnelonan Inlet
consistingofa hemispherical-nosedcenterbodytitha probeprojected
upstream.Pressure-recovery,drag,andmass-flowcharacteristicsare

.

presentedforMachnumbersfrom1.6to 2.0andanglesofattackto 9°.
TheReynoldsnumber,basedon inletdiameter,wasapproximately $
2.O7X1O6.Datafora conicalinletinstalledonthemme model(refer- 0
ence9)areincludedforcawparism.

smf8aLs —

Thefollowingsynibolsareusedin thisreport:

A

CD
D

L

M

m

m/mo

P

P

~

R

a

Y

area,sqft

external-dragcoefficientD/@

dragforce,lb
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Machnumber

massflow,t3Mgs/sec
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* APwwmJs Am PROCEDURE

Theseparationinletconfiguration,as instill~onm 8-tichco~d-.
flowram-jetengine,isshownschematicallyh figure1. Withthe
exceptimofthecowl,theoutershellwasidenticaltothatusedonthe
modelreportedinreference9. Theinternalcowl-lipanglewasso
chosenthatitwouldbe alinedwiththeflowat ~ = 2.0 ifthesame
typeofshockstructureobservedinreference6 wasobtained.Details
ofthehemispherical-nosedcenterbody,thevariable-lengthstraight2 probe,andthecowlarealsoshum h fiwre 1. The~cluded~~e of$ theprobetipwas30°. fiternalandexternalcoordinatesforthecowl
arepresentedintable1.

A photographoftheseparationinletas installedinthe8-by
6-footsupersonicwindtunnelisshawninfigure2 andthenotations
usedinthedatapresentationareillustratedinfigure3. Froma
staticm1.8inletdiametersdownstreamofthecawlliptotheplaneof
survey(station3),thesubsonicdiffuser-areavariationwasidentical
tothatof inletA ofreference9 andwassimi.lEu?tottitfromthecowl
lipto the1.8station.Thisvariationispresentedinfigure4.

,=
Mass-flowratioispresentedas theratiooftheactualmassflow

throughtheinletto thatthrougha free-streamtubedefinedby the
. cowl-inletarea. Variationofmassflowwasaccomplishedby meansof

a movableplugat theexitofthemodel.Actualmass.flowthroughthe
inletwascomputedfo~chokhgat thecontrol-plugminimummea by
theuseofan averagestaticpressuremeasuredat theplaneof survey
(station3) in conjunctionwithIsentropic-flowrelations.Thehoney-
comb,showninfigure1,wasusedtominimizetheangularityofthe
flowat theplaneof surveyandto obtainsmoothairflowpriorto
theexitplug.

Total-pressurerecoveryispresentedas theratioofthetotal
pressureaheadofthehoneycomb(statim2)to thefree-streamtotal
pressure.By useofmeasuredstaticpressuresat stations2 and3,the
totalpressureaheadofthehoneycombwascalculatedfromcontinuity
relations,assumingthatan adiabaticprocessexistedbetweenthese
twostations.

Dragdatawerecomputedfromtheaxial-forcedatameasuredby a
three-componentstrain-gagebalanceandarepresentedin coefficient
form,basedonthemaximumexternalcross-sectionalareaofthe
model(0.360sqft). Angle-of-attackcorrectionwasdeterminedfroma
staticcalibraticmofthesupport-stingdeflectionresultlngfrom
variouscombinationsofbalancenozmalandmomentforces.9

A dynamicpressurepickup,locatedslightlyduwnstreemofthe
. planeof survey,wasusedto determineinletfis~bility.fiaddttion,

flashandhigh-speedschlierenphotographswereobtained.
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RESULTSANDDISCUSSION 3

In orderto optimizetheinletat a Machnumberof2.0andzero
angleofattaok,a preliminaryinvestigationwasconductedinwhich

.

theprobelengthandtherelativecowlpositicmsattheseconditiam
werevaried.Withthecowlinitsoriginalpositicm(CUWIpositionA,

—

fig.3(a)),max--pressure-recoverypointswereobtainedat various
probelengths.Thesedata,aspresentedinfigure5(a),indicatethe
- trendofmaximumpressurerecoveryandmovementoftheseparation
originreportedInreference6. For.shortprobelengths,theflow sr
separatedfromtheconicalportionoftheprobe,thatis,fromthe N
probetip,andthemax- pressurerecoveryincreasedastheprobe
wasextended,reaohinga peakvalueof 0.85ata probelengthparameter

—

value (L/R)Of1.27.Thisvalueof L/R for thehighestmaximum
pressurerecoveryagreesverycloselywiththatreportedinreference6.
Forfurtherextensionsoftheprobe,theflowcontinuedto separatefrom
theprobetipandthemaxhumpressurerecoverydecreased,untila
criticalL/R valueofabout2.80wasreached;,atthisvalue,theflow
separation‘!jumped”andbeganoccurringfrcxgthecylindri~lpofiion
oftheprobe.At thispointthemaximumpressurerecoveryincreasedto
about0.80andremainedapproximatelyconstantforfurtheretiensions
oftheprobe.Itwasfound,thatthetwotypesof separation(thatis, t.
separationfromtheprobetipandfromtheprobesur?ace)approximately
followedthetrendsofRepoldsnumberandpressureriseacrossthe
acccmrpanyingshockwaveforlaminarandturbulentseparationasreported .

inreference10. A fullrangeofdatawasobtainedfortheprole
settingwhichyieldedthehighestmaximumpressure’reooverymd itwas
foundthatthisconfigurationwasspilling8_percentofthemassflow
at criticaloperation.

Tomorenearlycapturea fullfree-streamtubeat criticaloperation,
thespacers(fig.1)wereadjustedsothatthecowlwasinpositionB
(fig.3(a)).Withthecowlinthisposition,maxtium-pressure-recovery
pointswereobtainedat variousprobelen@hp_asbefore.~ese dataj
aspresentedinfigure5(b),showthesametrendas obtainedwithcowl
positionA. Thehighestmaximumpressurerecoveryagainoccurredat
an L/R valueof 1.27,butthepeakvalueforthiscowlpositionwas
reducedto 0.83.However,thecriticalmass-flowratioatthis L/R
valuewasincreasedto almostunity.As indicatedinthefigure,there
existeda hysteresiseffectatthetransitionpointwheretheoriginof
theseparation“jumped”.Thiseffect,whichappearstobe ofthesame
natureasthatreportedinreferences3 and7,wasalsonotedforcowl
positionA.

Schlierenphotographsobtainedatmaximum-pressure-recoverypoints
forbothcowlpositionsareshowninfigure6. At an L/R value of
1.27(fig.6(a)),a secondobliqueshookwaspresentwiththecowlin
positionA. Thissecondobliqueshock,whichwaspresentforall L/R
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* values,appearstobe ofthesamenatureasthatreportedanddiscussed
inreferences4 to 6. WhenthecowlwasmovedforwardtopositionB,
thesecondobliqueshockwasagainpresentat criticaloperationwithflow. separationfromtheprobetip. However,atthemaximum-pressur-recovery
point,thesecondobliqueshockwaseliminated;thiscaneasilybe seen
bya comparisonoffigures6(a)and6(b).Undoubtedlytheelimination
ofthesecondobliqueshockwaspartlythecausefortheluwerlevelof
pressurerecoveryshowninfigure5(b)(othercausesbeingchangesh

N
4 effectiveconeangle,internalgemnetry,andsoforth).Presumably,
1+o theadvancedpositimofthenormalshockonthecenterbodyinduceda

higherpressureinthedead-airregiontherebyincreasingtheeffective
coneangleandcausingtheboundaryoftheseparatedflawto strike
thecenterbodytangentially;theflowdeflectionwhfchproducedthe
secondobliqueshockwasthuseltiinated.Anotherpossibleexplanation
isthatthenormalshockmayhavebeenmovedsufficientlyforwardto
extenda subsonic-flewfieldintotheregionwherea deflectionofthe
separatedflowboundaryisneeded,therebyeliminatingthesecondoblique
shock.

PresentedInfigure6(c)is a typical schlierenphotograph,of
separationontheprobesurface.Measurementsoftheshockconfigura-

1 tionindicatedverynearlyconicalflow. Thehalf-angleofthedead-
atiregionat thehighestmaximum-pressure-recoveryconditionfor
cowlpositionB wasapproximately27°whichisverycloseto theoptimum

* cone-half-anglefora Machnumberof2.0.

Variatimofpressurerecoveryanddragcoefficientwithmass-flow
ratioata Machnumberof2.0andzeroangleofattackforthetwocowl
positionsat theopthumprobelengthsispresented3nfigure7. Also
includedaredataobtainedfora conicalinletinstalledonthesame
model(inletA ofreference9). Therelativeforwardmovementofthe
cowldecreasedthemaximumpressurerecoveryfrmu0.85to 0.83and
thecriticalpressurerecoveryfrom0.83to 0.81.However,themovement
ofthecowlcausedan Increaseinthecriticalmass-flowratiofrcm
0.92to 0.99.SincetheconfigurationwiththecowlinpositionB
wasableto captureverynearlya fullfree-streamtubeat critiail
operaticm,thiscowLpositionwasconsideredtheoptimumone.

Thepressure-recowryandmass-flowcharacteristicsforthe
optimizedseparationinletappeartobe similarto thoseforthe
conicalinlet,exceptthattheabsolutevaluesofthepressmerecovery
aresomewhatloweras canbe seenfromfigrme7. Pressurerecoveries
fortheconicalandtheseparationinletsat criticaloperationwere
0.83and0.81,respectively,whilethemaxlmnmpressurerecoveries
were0.85and0.83,respectively.Comparablestabilitycharacteristics

. werenotedforthe-
inletwasslightly
criticaloperation*

twoinlets.Thedragcoefficientfortheseparation
higherthanfortheconicalinlet;thevaluesat
being0.12and0.10,respectively.However,the
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higherdragmaybe attributedto thelargerexternalcowl-lipangleof .
27°fortheseparationinletas comparedwiththe12°angleforthe
conicalidet. Cowlpressure-dragcoefficientswerecalculatedforthe
separationandtheconicalinletsby linearizedpotentialtheoryand

._

werefoundto be 0.051and0.035,respectively.Thesevaluesofcowl
pressure,dragindicatethatthetotaldragoftheseparationinlet
mightbe expectedto equalthatoftheconicalinletifsimilarcowl-lip
anglestireemployed.

Italsoappearsfromfigure7 thatthedragcoefficientofthe o$
optimizedseparationinletincreasedat a lowerratethanthedrag N
coefficientoftheconioalmet forthesameamountofmass-flow

-.

spillage.Sincethevalueofthe.obliclueghockangleoftheoptiqized
separationinletincreasedwithdecreasingmass-flowratio,itmight
be expectedthatthemass-flowspillageofthisinletcrmsisted.of
somesupersonicspillagejaswellastheUS~l su~s-onicspillage.
Becauseoftheloweradditivedragassociatedwithsupersonicspillage
(reference11),a lowerslopeofthedragcurvemightbe expected.

Vmiationoftotal-pressurerecoveryanddragcoefficientwith
mass-flowratiofortheoptimumlengthstraightprobeforCUW1
positionB over therangesofMachnumbers_andanglesofattack l—
investigatedarepresentedinfigure8. Thesedataarecrossplotted-
infigure9. c

TheeffectofMachnumberontheseparation-inletperfomuanceat
zeroangleofattack,as ccmparedwiththeperformanceofa conical
inlet,isshowninfigure9(a)forcriticaloperaticmandfigure9(b)
foroperationatmaximumpressurerecovery.As showninthefigure,
thecriticalpressurerecoveryoftheseparationinletcomparedless
favorablywiththatoftheconicalinletatMachnumberslowerthan
2.0. (Note:ata Machnumberof1.6,thevaluesare0.86and0.93,
respectively.)Theangleofthedead-airregim (effectivecone
angle)increasedslightlywithdecreasingMachnumber,thereby
causingmorelow-energyairto entertheinlet.Thismayaccount,

—

inpart,fortherelativelypoorerpressurerecoveryoftheseparation
inletatthelowerMachnumbers.h addition,observationsindicated
thattheboundaryofthedead-airregionwasmoreirregularasthe
Machnumberwasdecreased.

Inadditlcmtothelowerpressurerecovery,these??arati~fnlet
exhibiteda largedecreaseinthecriticalmass-flowratioatMach
nmibersbelow2.0. As canbe seenfromfigure9(a),thisdecreasein
mass-flowratioisgreaterthanfora conicalinletandisprobably

—

due,inpart,totheincreaseineffectiveconeangleastheMach
numberisdecreased.No gaininperfomnancecouldbe attainedfor 4-

Machnumberslessthan2.0by varyingtheprobelengthfromthe L/R
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* valueof1.27.Thedifferenceindragnotedpreciouslyata Machnumber
of2.0appearedtobe constantovertherangeofMachnumbersinvestigated.
Schlierenphotographsat zeroangleofattackandMachnumbersof2.0b and1.8arepresentedinfigure10forthemaximum-pressure-recovery
condition.

As indicatedinfigure8,therewasa largelossinperfomnance
atagle ofattacksimilartothatreportedinreference6. ItW8S
suggestedinreference6 thattheperformanceat angleofattackmight
be improvedby aliningtheprobewiththeairstream.To evaluatethis
recmmnendation,twoadditionalproles,offset5°and10°franthecenter
lineofthemodel,wereinvestigatedoverthesamerangeofvariables
asforthestraightprobe.Dataarepresentedinfigures11and12for
the5°and10°probes,respectively.Thesedata,aswellastheoriginal
data,arecross-plottedinfigure13.

Theeffectofagle ofattackontheperformanceofthevarious
probesataldachnumberof2.0issummarizedinfigure13(a)for
criticaloperationandInfigure13(b)foroperationatmaximumpressure
recovery.Theccmf@rationwiththestrai@tprobesuffereda large
lossinperformanceastheinletwasraisedto anglesofattack.The

i reasonforthislargelossinperformancecanbe seenfrcmtheschlieren
photographspresentedinfigures14(a)to 14(c).Becauseofthetendency
oftheseparatedflowregiontoalineitselfwiththestreamdirection,

b a largequantityofthelow-ener~separatedairenteredtheupperhalf
oftheinletanda strongshockwaveformedoverthelowerhalfofthe
inletas theangleofattackwasincreased.

Resultsfortheoffsetprobes,showninfigure13,Indicatea marked
gaintiperformanceoverthestraightprobeattheanglesofattackfor
whichtheprobewasnearlyalinedwiththeflow.Forexample,an
increaseincriticalpressurerecoveryfrcm0.74to 0.78wasobtained
at a 5°angleofattack.It canbe seenfrcmfigures14(d)and14(e)
thatthe5°probeata 5°angleofattackandthe10°probeat a 9°angle
ofattackcausetheseparatedflowregiontobe verynearlytangentto
thebluntbody;therebythepoorflowfieldassociatedwiththestraight
probeatthesameanglesofattack(figs.l+l(b)and14(c))isavoided.
Itwasnotedthattheinletwiththeoffsetprobeshadstability
characteristicscomparablewiththoseoftheinletwiththestraight
probe.

Theexpectedperformanceofa separationinlet,consistingofa
probewhichwouldbe alinedwiththestreamdirectionat allanglesof
attack,is illustratedby thedashedcurvesinfigure13,whichwere
obtainedby connectingthedataforthealinedconditions.As
indicated,theperformanceofthistypeinletwouldbe verynearly

.
.

cmuparablewiththatofa fixedconicalinletat anglesofattack.
However,theresultsofthis4 investigationindicatethatthepressure
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recoveryofa conical-spikeinletatangle
improvedby aliningthecenterlineof the

NACARME52KL8

ofattackmayalsobe
conewiththestream

direction.

Thefollowingresults

SUMMARYOFRESOZTS

wereobtainedfromtheinstigationofan
inletutilizingflowseparationfrcma probeextendingup~treamofa o
hemispherical-nosedcenterbody.

1.Pressure-recovery,stability,anddragcharacteristicsfor
theinletwereverynearlycomparablewiththosefora conical-spike
inletat zeroangleofattaokandMachnumberof2.0,butcompared
lessfavorablywiththosefora conical-spikeinletatMachnumbers
below2.0.

2.A largelossinpressurerecoveryandmassflowatangleof
attackwasnotedforthestraight-probeconfiguration.However,
resultsofan investigationoftwootherprobes,offset5°and10°from
theinletcenterline,indicatedthata configurationwhiohalinedthe
probewiththestreamdirectionwouldhavegreatlyimprovedangle-of-
attackperformance.

3.Fortheconfiguratimwhichyieldeda criticalmass-fluwratio
ofnearlyunity,a one-oblique-shocksystemWEMobta~edatthemax-
pressure-recoveryccmditia.However,a two-oblique-shocksystem,
withresultinghigherpressurerecovery,couldbe obtainedatthe
expenseofspilling8 percentofthecriticalmassflow.

LewisFlightpropulsionLaboratory
NationalAdvisoryCcmunitteeforAeronautics

Cleveltid,Ohio

REImRmcEs

. .

—

1.

.

1.AlexanderjSidneyR.,andKatz,llllis:FlightTeststoDeterminethe
EffectofLeri@hofa ConicalWindshieldontheDragofa Bluff
BodyatSuper=wicSpeeds.NACAIML6J16a,1947. -

2.Alexander,SidneyR.: FlightInvestigationsatLowSuperscmic
SpeedstoDeterminetheEffectivenessofConesanda Wedgein
ReducingtheDragofRound-NoseBodiesandAirfoils.
NACAIML8L07a,1949.

3.Beastall,D.,andTurner,J.: TheEffectofa SpikeProtruding
ltrontofa BluffBodyatSupersonicSpeeds.Tech.NoteAERO.
BritishR.A.E.,Jan.1952.

.



NACAN E52K18 9

4.Jones,JimJ.: FlawSe~aratbnfromRodeAheadofBluntNosesat
MachNumber2.72.NACAXM L52E05a,1952.

5.Moeckel,W. E.: FlowSeparationAheadofa BluntAxiallySymmetric
BodyatMachNumbers1.76to 2.10.NACARlE51125,1951.

6.Moeckel,W. E.,andEvans,p. J. Jr.: Prelhninarybvestigationof
UseofConicalFlowSeparationforEfficientSupersonicDiffusion.
NAcARME51JC+3,1951.

7.Lukasieticz,J.: ConicalFlowasResultofShockandBoundaryLayer
Interactionona Probe.Tech.NoteAERO.1968,BritishR.A.E.,
Sept.1948.

8.Mair,W.A.: ExperimentsonSeparationofBoundaryLayersonProbes
inFrontofBlunt-NosedBodiesina SupersonicAirStream.
Phil.Msg.,vol.43,no.342,July1952,pp.695-716.

9.Beke,Andrew,andAllen,J. L.: ForceandPressure-Recovery
Characteristicsofa Conical-TypeNoseIhletOperatingatMach
Nwnbersof1.6to 2.0andatAnglesofAttackto 9°.
NACAX34E52130,1952.

10.Donaldson,ColemanduP.,andLange,RoyH.: StudyofthePressure
RiseAcrossShockWavesRequiredto SeparateLaninarandTurbulent
BoundaryLayers.NACATN 2770,1952. (SupersedesNACA~ L52C21.)

11.Sibul.kin,Merwin:TheoreticalandExperimentalInvestigationof
AdditiveDrag. NACAFME51B13,1951.

.—



10 NACAI@lE52K18
.—

.
TABLEI. - COWLCOORDINATESFORSEPARATIONlItLE’T

E
o
.10 ‘
.20
.30
.40
.60
.80
1.00
1.50
2.00
2.50
3.00
3*5O
4.00
4.50
5.00
7.50
10.00
20.00
32.14
56.125

Internaldiameter
(in.)

5.532
5.600
5.674
5.732
5.788
5.878
5.950

.-

6.010
6.120 ‘-
6.200 .“
6.268 =
6.326
6.376
6.418 ““
6.456
6.492
6.625 .:
6.750
7.200 “—”
7.875
7.875

~ ““-”‘-
5.532
5.644
5.746
5.838
5.918
6.046
6.148
6.232
6.370
6,.45.0
6.518
6.576
6.626
6.668
6.706
6.742
6.870
7.000
7.460
8.125

*

--
—

8.125 I
T

—

.-

.
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Figure
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o CowlpositionB
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---- Inletshockinstability
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Figure7.- Performancecomparisonfordifferentcowl
positionswithcanparableoonicalinletatfree-stream
Machnumberof2.0andzeroangleofattack.
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